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FIG. 6 is a block diagram of a received color expres- 

COLOR IMAGE COMMUNICATION APPARATUS sion conversion unit shown in FIG. 4; 

FIG. 7 is a flow chart showing operations of the 
This application is a division of application Ser. No. transmission color expression conversion ^unit and the 
07/795 802 filed Nov. 21, 1991, now U.S. Pat No. 5 transmission control unit shown in FIG. 4; 
5 251 020. P 10 * 8 * a flow cnart showm S operauons of the 

' ' ' received color expression conversion unit and the trans- 

BACKGROUND OF THE INVENTION ws&oa control unit shown in FIG. 4; 

1. Field of the Invention FIGS. 9 and 10 are block diagrams of other embodi- 

The present invention relates to a color image com- 10 ments of the present invention; 
munication apparatus. FIG. 11 is a block diagram showing an arrangement 

2 Related Background Art of a transmission control unit 3; 

Color image communication apparatuses, i.e., color FIG. 12 is a block diagram showmg an arrangement 
facsimile apparatuses, for communicating a color image of a coding unit 2; 

have been studied. However, a standard color image 15 FIG. 13 is a block diagram showing an arrangement 
expression form is not established because various color of a DPCM circuit shown in FIG. 12; and 
image expression forms such as RGB, XYZ, L*a*b*, FIGS. 14A and 14B are views for explauung an oper- 
cmy, and cmyk forms are available. ation of the arrangement shown in FIG. 12. 

For this reason, color image data converted into DETAILED DESCRIPTION OF THE 

RGB data by a transmitter, for example, may be printed 20 PREFERRED EMBODIMENTS 

at a receiver which assumes the transmission data as 

cmv data, and appropriate color image communication <First Embodiment 

cannot be performed. That is, color image data are FIG. 1 is a block diagram showmg an arrangement of 
transmitted between the transmitter and receiver in an embodiment according to the present invention. An 
accordance with different color expression forms. As a 25 apparatus of this embodiment includes a scanner unit 1 
result appropriate color image communication cannot serving as a color image input unit, a codmg umt 2 for 
often be performed performing coding of input image data, a transmission 

^ control unit 3 which communicates with another color 

SUMMARY OF THE INVENTION communication apparatus, a color expression 

It is an object of the present invention to provide a 30 code unit 4 for storing a code representing a color ex- 
color image communication system which can solve the pression form, a decode umt 5 for decoding coded data, 
conventional problems described above. and a printer umt 6. 

It is another object of the present invention to pro- In color image transmission, a color image is read by 
vide a color image communication apparatus suitable the scanner unit 1, and the scanner umt 1 sends each 
for a digital network. 35 pixel as 8-bit RGB data to the codmg unit 2. 

It is still another object of the present invention to The coding umt 2 performs known coding such as 
provide a color image communication apparatus capa- MR or MMR and sends coded data to the transmission 
ble of transmitting a color image with high precision. control unit 3. The transmission control umt 3 reads a 

In order to achieve the above objects, according to an color expression code representing an RGB color ex- 
aspect of the present invention, there is provided a color 40 pression form from the color expression code unit 4 and 
image communication apparatus comprising means for sends the color expression code to a receiver. The trans- 
receiving data representing a compatible color expres- mission control unit 3 transmits image data. In this em- 
sion form from a destination unit and means for control- bodiment, the color image is expressed and transmitted 
ling a color expression form of transmission image data as RGB data. Therefore, an RGB color expression code 
in accordance with the received data representing the 45 is transmitted. 

color expression form. FIG. 2 shows codes respectively corresponding to 

It is still another object of the present invention to color expressions. That is, the codes are assigned to 
provide a color image communication apparatus which XYZ, RGB, and cmy color expression forms, respec- 
can provide a new protocol. tively. Assignment of each code to each color expres- 

It is still another object of the present invention to 50 sion is predetermined in common to the transmitter and 
provide a color image communication apparatus suit- receiver. For example, when the receiver receives a 
able for an ADCT scheme. color expression code of "0001", it can identify it as the 

The above and other objects, features, and advan- XYZ color expression form. ... 
tages of the present invention will be apparent from the The color expression code can be transmitted as an\ 
following detailed description of the preferred embodi- 55 initial identification signal in the nonstandard function, 1 
ments in conjunction with the accompanying drawings. e.g., an NSF signal if the receiver is an image communi- 
cation apparatus complying with the G3 facsimile stan- 

BREEF DESCRIPTION OF THE DRAWINGS jard. If the receiver is an image communication appara- 

FIG 1 is a block diagram of an embodiment of the tus complying with the G4 facsimile standard, the color 
present invention; 60 expression code can be transmitted as a user.user signal 

FIG 2 is a table showing codes corresponding to described in layer specification 4.5.24, ISDN network 
color expression forms; interface No. 3, TTC recommendations. That is, a spe- 

FIG 3 is a flow chart showing an operation of a cific 4-bit signal is converted into a color expression 
transmission control unit shown in FIG. 1; code to send the color expression form to the receiver. 

FIG. 4 is a block diagram of another embodiment of 65 In this case, the receiver identifies a color expression 
the present invention; form using the specific 4-bit signal. 

FIG. 5 is a block diagram of a transmission color FIG. 3 is a flow chart showing a transmission opera- 
expression conversion unit shown in FIG. 4; tion of a color expression code in the transmission con- 
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trol unit 3 In step S8, a color expression code from the color expression conversion is coded by the coding unit 
color expression code unit 4 is read, and the read code 2, and the coded data is transmitted from the transmis- 
* transited ' sion control unit 3 to the receiver through a circuit 

On the other hand, in color image reception, after the FIG. 8 is a flow chart showing operations of the 
tra^mfssion control unit 3 communicates with the 5 transmission control unit S and the 
ttansmitter, the transmission control unit 3 reads the pression conversion unit 10. In step S19, a color expres 
cX^resLn code from the color expression code sion code is received. In step S20, switching of the 
uniM and sends out this code. Thereafter, the transmis- received color expression conversion unit 10 > ^selected 
sion control unit 3 receives color image data and de- In step S21, color image data is input, and tfie image 
codes kThe decoded color image data is sent to the 10 data decoded by the decode unit 5 is subjected to the 
prfater unitl The color image data is printed at the color expression conversion. The resultant data is trans- 
orinter unit 6. In this embodiment, the printer unit 6 mitted to the printer unit 6. 

EvesToB data and prints it. In this embodiment, color expression conversion is 

to this embodiment, in color image transmission or performed in accordance with the types of receiver and 

reception, a color expression code is transmitted to 15 transmitter in transmission and reception modes, 

notify the color expression form to the receiver and thereby performing optimal color image commumca- 

transmitter, thereby allowing optimal color image com- tion. 

iration <Fourth Embodiment > 

^«ZnnnriFmhodiment^ The third embodiment exemplifies an apparatus capa- 

T^apparatus of the first embodiment has both the 20 ble of performing both transmission and reception. 

transmission and reception functions. However, an ap- However, a color image commumcation apparatus may 

oaratus of the present invention may have only a recep- have only a transmission or reception function. 

tion or transmbsion function. <Fifth Embodiment 

^Thkd 1 Embodiment > eacn of * e above embodiments, the color image 

PIG 4 is a block diagram showing an arrangement 25 input unit comprises a scanner. However, the color 
having a transmission color expression conversion unit image input unit may be a television camera an elec- 
9 and a received color expression conversion unit 10 to tronic camera, or any other color image input unit. In 
allow color conversion in transmission and reception addition, color image data may be input from a color 
modes in accordance with the types of receiver and image data base, 
transmitter 30 < Sixth Embodiment > 

FIG. S is'a block diagram showing an arrangement of Each of the above embodiments comprises a printer 
the transmission color expression conversion unit 9 unit. However, an output device may be a CRT or any 
shown in FIG 4. An R.G.B-OCYZ conversion unit 11 other output device. In addition, the output device may 
converts RGB data into XYZ data. An R.G.B— »cmy be a storage unit such as a disc, 
conversion unit 12 converts RGB data into cmy data. 35 <Seventh Embodiment > 
?Le conversion operations are performed by arithme- This embodiment shown in FIG 9 
tic operations in accordance with known conversion arrangement wherein color image data output from a 
schemes The transmission color expression conversion scanner umt 1 is temporarily stored m a disc umt 22. In 
unit 9 can transmit to a coding unit 2 the RGB data this embodiment, a color image is read by the scanner 
input from a scanner unit 1 or XYZ or cmy data con- 40 unit 1, and the read color image is stored in the disc unit 
verted from the RGB data. 22. A transmission control unit 3 communicates with a 

FIG. 6 is a block diagram showing an arrangement of receiver to determine a color expression form. The 
the received color expression conversion unit 10 shown color image data is read out from the disc and converted 
in FIG 4 Referring to FIG. 6, an XYZ— ►R.G.B con- by a transmission color expression conversion unit 9 as 
version unit 13 converts XYZ data into RGB data com- 45 needed. The converted data is then transmitted. When 
patible with a printer unit 6 when color image date sent an image of one original is to be transmitted to a plural- 
from a decode unit S is XYZ data. A cmy-R.G.B ity of destinations, color image data is read out from the 
conversion unit 14 converts cmy data into RGB data disc, and the color expression form date can be con- 
when the inp^t color image date is cmy date. The re- verted in accordance with the destinations, thereby 
ceived color expression conversion unit 10 transmits 50 requiring one read access. 
RGB data to the printer unit 6 when the input color <Eighth Emrx)diment> 

imaee date is RGB date. However, when the input FIG. 10 is still another embodiment in which color 
color image data is XYZ or cmy data, the received image data to be stored in a disc umt 22 is given as 
color expression conversion unit 10 converts it into coded data in the seventh embodiment In order to 
RGB date and transmits the RGB date to the printer 55 perform color expression conversion, color expression 
unit 6 These conversion operations are also performed conversion is required after decoding. By decoding, the 
by arithmetic operations. capacity of the color image data stored in the disc unit 

FIG. 7 is a flow chart showing operations of a trans- 22 can be reduced, 
mission control unit 3 and the transmission color expres- In this embodiment, codes are assigned to RGB, 
sion conversion unit 9 in FIG. 4 in the transmission 60 XYZ, and cmy as color expression forra However, 
mode. In step SIS, a color expression form capable of other color expression forms such as YIQ, YCrCb, 
being dealt with by the receiver is received. In step S16, L»a*b*, Luv, and Munsell system may be^ used. In addi- 
the wlor expression form used in transmission is deter- tion, color expression forms may be further classified 
rmned and the detennined color expression form is into the RGB system of the CD3 scheme and the RGB 
. notified to the receiver. In step S17, switching of the 65 system of the NTSC scheme. 

transmission color expression conversion unit is se- may be further classified into an SWOP (Standard Web 
lected. In step S18, a color image is input, and the color Offset Publications) cmyk form and cmyk forms unique 
expression form is converted. The data obtained upon to the respective printers. 
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!,*<= 116 07*0)* - 16 
L* = 903.3(1/^ 

a* = 5QWX/XQ) 1 - (Y/Yq)*] 

b* = 200[(y/r 0 ) J - (z/zb) 4 ] 

r/y 0 > 0.008856 
T/Yq ^ 0.0OS856 



10 



15 



An arrangement of the transmission control unit 3 
will be described with reference to FIG. 11. 

Referring to FIG. 11, the transmission control unit 3 
includes a buffer memory 41 connected to a coding unit 
2 and a decoding unit 5 through a data bus. The buffer 
memory 41 comprises a so-called dual port memory 
capable of performing read/write access of data from a 
memory controller 43 (to be described later) without 
going through the data bus. The memory controller 43 
performs read/write access of the data to the buffer 
memory 41. The memory controller 43 has anAdd line 
for addressing the buffer memory 41, an R/W line for 
controlling read/write access to the buffer memory 41, 
and a data line for read/write access to the buffer mem- 
ory 41. A CPU 45 controls the memory controller 43. 
The memory controller 43, the transmission color ex- 
pression conversion unit 9, and the received color ex- 
pression conversion unit 10 are operated in accordance 
with the flow charts described above. An NCU (Net- 20 
work Control Unit) 47 connects the buffer memory 41 
to the digital public circuit to interface with the digital 
public circuit. 

In step S 8 of the flow chart in FIG. 3, in reading and 
sending a color expression code, the CPU 45 reads out 25 
this color expression code from the color expression 
code unit, writes the color expression code in the buffer 
memory 41 through the memory controller 43, and sets 
the buffer memory 41 in the read mode. At the same 
time, the CPU 45 sends a transmission instruction to the 30 
NCU 47. Therefore, the color expression code can be 
sent to the destination through the digital public circuit 

The operation in step S 15 of the flow chart in FIG. 
7 can be performed in a reverse order. 

A color expression conversion method in the trans- 35 
mission color expression conversion unit 9 and the re- 
ceived color expression conversion unit 10 in the above 
embodiment will be described below. 

In this color expression conversion, each color ex- 
pression method is converted on the basis of the XYZ 
form standardized in the CIE system. 

A relationship between XYZ and CEE-RGB will be 
defined as follows: 



(3) 



R « 1.9106* - 0.5326K - 0.2883Z 
G « -0.9843* + 1.9984F- 0.0283Z 
B = 0.0584*- 0.1185r + 0.8985Z 



A relationship between L*u*v* and XYZ is defined 
as follows. When the reference white is given as 
(Xo,Yo,Zo), the L*u*v* of a given color (X,Y,Z) is 
given as follows: 



40 



. (1) 
* = 0.49/2 + 0.3IG + 0.20J j 

Y = 0.17697/2 + 0.81240G + O.01063B \ 

Z = 0.00/2 + 0.01G + 0.99J? J 

A relationship between L*a*b* and XYZ is defined 
as follows. If the standard white is given as (X&Yo,Zo), 
the L*a*b* of a given color (X,Y,Z) is given as follows: 



45 



50 



55 



(2) 



L* « 116 {Y/Y$ - 16 
u 9 « \ZL\u' - i/o*) 
p* = 13X,*(V - voO 
for 

AX 



(4) 



u' = 



X + 15r 4- 3Z 
9Y 



X+ 15r+ 3Z 
4*Q 

u °' - Xo + \SY 0 + 3Z6 

, 9Y 0 

*° ~ * 0 + 15r 0 + 3Zb , 



A relationship between YIQ and NTSC-RGB is de- 
fined as follows: 



(5) 



60 



65 



A relationship between XYZ and NTSC-RGB is 
defined as follows: 



y = 030/2 + 0.59G + 0. 115 
/ = 0.60/2 - 0.28G - 0.325 
Q - 0^1/2 - 0.52G + 0.315 J 



The color expression method is converted in accor- 
dance with equations (1) to (5) described above. 

The arrangement of the coding unit 2 of this embodi- 
ment will be described with reference to FIG. 12. 

FIG. 12 is a block diagram showing a detailed ar- 
rangement of the coding unit 2. This embodiment exem- 
plifies a coding unit of a baseline system as an interna- 
tional standard proposal of color still image coding 
proposed by JPEG (Joint Photographic Expert Group) 
as a joint group of the ISO and the CCITT. 

Image data in units of pixels input from a signal line 
103 is extracted as 8 X 8 pixel blocks in a block forma- 
tion circuit 211 constituted by a line memory capable of 
storing data of a few lines. The image data is cosine-con- 
verted by a discrete cosine conversion (DCT) circuit 
212, and a conversion coefficient is supplied to a quan- 
tizer (Q) 213. The quantizer 213 performs linear quanti- 
zation of the conversion coefficient in accordance with 
quantization step information applied from a quantiza- 
tion table 214. For example, the conversion coefficient 
is divided by a quantization step value. Of the quantized 
coefficients, a DC coefficient is subtracted from the DC 
component of the previous block by a predictive coding 
(DPCM) circuit 215 to obtain the difference (predictive 
error). The difference is supplied to a one-dimensional 
Huffman encode circuit 216. FIG. 13 is a detailed block 
diagram of the DPCM circuit 215. The DC coefficient 
quantized by the quantizer 213 is applied to a delay 
circuit 225 and a subtracter 226. The delay circuit 225 
delays the DC coefficient by a time required to cause 
the DCT circuit 212 to calculate one block, i.e., 8x8 
pixels. The DC coefficient of the previous block is 
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therefore supplied from L delay circuit 225 to the egression form can be transmitted in color image data 
subtracter 226. The difference (predictive error) ap- comprises the means for re- 

V™«te<^<*to*T^^^Z££ o^T^m, color expression form from the 
ment, sincejhe previous block value is ^ ^^^^^^I^coKt^J^J^S^ 
live value in the.pre.Hct.ve coding, a predict, ve unit is receive ^ ^ ^patiWe color ex- 

constituted by the delay circuit as described above). ^°Xni wlor image data can be transmitted with 

The Huffman encode circuit 216 encodes the predic- compatible with the receiver, 

tive error signal from the DPCM circuit 215 into vaiv %^^paSs comprises the means for re- 
able length data in accordance wxth * D^uffinan expression form sent from the transmrt- 
code table 217, thereby supplying a DC Huffman code ^ ^ mea J , fQI convening the color expression 
to a multiplexer circuit 224. f orm m accordance with the received color expression 

Cm the other hand, AC coefficients (coefficients ex- conversion of the received color 

cept for the DC coefficient) quantized by the quantizer ^ datacanbe performed as needed. 

213 are scanned by a scan conversion circuit 218 in a ^ ^^(jo,, associated with the color expression 
zig-zag manner in the order of lower coefficients, as fonn fe transmitted ^ received between the transmit- 
shown in FIG. 14A. The scanned coefficients are sup- 

ter and the receiver. A common color expression form 
plied to a significant coefficient detection circuit 219. ^ ^ used) ^ optimal color image commu- 

The significant coefficient detection circuit 219 deter- dcation ^ ^ performed. . 
mines whether the quantized AC coefficients are 0 . it 2Q ^ elements of this embodiment are summarized as 
so, the significant coefficient detection circuit 219 foUowS: 

supplies a count-up signal to a run length counter 220 to ^ A express i on form is notified to the receiver 
increment the counter value by one. However, if the fey transmitting the color expression form and color 
AC coefficient quantized by the quantizer 213 has a image data 

value except for "0'\ the significant coefficient detec- ^ (2) A color expression form compatible with the re- 
tion circuit 219 supplies a reset signal to the run length ^ nor jfi e d t0 the transmitter, 

counter 220, thereby resetting the counter value. At the ^ ^ transmitter receives a color expression form 
same time, the coefficient is divided into a group num- compatible with the receiver, and transmits color image 
ber SSSS and an additional bit by a group formation data with the color expression form compatible with the 
circuit 221, as shown in FIG. 14B. The group number ^ rece iver. . c , 

SSSS is supplied to a two-dimensional Huffman encode ( 4 ) j^e receiver receives a color expression form and 
circuit 222, and the additional bit is supplied to the data and converts the color expression 

multiplexer circuit 224. The run length counter 220 form 0 f the received color image data m accordance 
serves as a circuit for counting a run length of "0". The with foe color expression form as needed, 
run length counter 220 supplies a number NNNN of 35 The color expression forms of the present invention 
zeros between the significant coefficients except for "0" „ not limited to those exemplified mFIG^2,but other 
to the Huffman encode circuit 222. The Huffman en- color expression forms may be used. The RGB expres- 
code circuit 222 encodes the run length NNNN of zeros sion forms may be further classified into an NTSC-ROW 
and the eroup number SSSS of the significant coeffici- form and RGB forms of other schemes, 
ent into variable length data in accordance with an AC 40 As described above, according to the embodiments of 
Huffman table 223. The AC Huffman code is supplied the present invention, data representing a color expres- 
to ^multiplexer circuit 224. sion form compatible with a destination apparatus is 

£emS^ -* ived * - d the -olor expression 

man code the AC Huffman code, and the additional bit data to be transmitted is controlled. There fore data 
of one blok (i.e., 8 X 8 input pixels), so that compressed 45 having a color expression form incompatible with the 
image data is output from a signal line 104. receiver will not be transmitted. 

The comnressed data output from the signal line 104 What is claimed is: 
is sto^rm^ory. The compressed data is expanded 1. A color image transmitting apparatus comprising: 
t Z r£d £Z 7o that ^e capacity of the memory storage means for storing plural codes respectively 
InL^n^d 50 corresponding to different color expression forms; 

^ the Ibo^e embodiment, the quantization coeffici- first means for transmitting to a receiving device 
en^of the quL^eT213 is controlled to control the color image data in a <? lor , ex P r ^ 

Zot^Hyc^^ ^ sponding to one of the stored codes through a 

That is when the quantization step is increased, the communication line; and 

ouISleveTof ^eDCT^ircuit 212 which is divided by 55 second means for selecting the code corresponding to 

A'orlgl ^Sdtnent, as described above, 60 2. An apparatus accordnig to claim 1 wherem the 
optima? Sr image communication can be performed color expression form ,s a form expressing colors by R, 

\$^£^£°^*^or«™ G 3^rf according to claim 1 whereu i the 
n^fa^or SLion form, a color expression form color expression .form . a form expressing color by L , 
^dcolorimaged^taaretransnnttedmcolorimagedata 65 „ claim wherein 

"Seapparatuscomprisesthemeansfortrans- color * f °™ «*""** 

mitting a color expression form, a compatible color Y, and Z components. 
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5. An apparatus according to claim 1, further com- 
prising means for coding the color image data. 

6. An apparatus according to claim 5, wherein said 
coding means codes the color image data in accordance 
with an ADCT scheme. 

7. An apparatus according to claim 2, wherein the 
form expressing colors by R, G and B components is 
based on an NTSC standard. 

8. An apparatus according to claim 2, wherein the 
form expressing color by R, G and B is based on a CIE 
standard. 

9. A color image transmitting apparatus comprising: 
storage means for storing plural codes indicating 

different standards on which primary color image 
data can be based; 

first means for transmitting to a receiving apparatus 
primary color image data based on a standard cor- 
responding to one of the stored codes through a 
communication line; and 

second means for selecting the code corresponding to 
the transmitted primary color image data from the 
codes stored in said storage means, and for trans- 
mitting the selected code to the receiving apparatus 
through the communication line. 
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10. An apparatus according to claim 9, wherein the 
code data corresponds to a form defined by R, G and B 
components based on an NTSC standard. 

11. An apparatus according to claim 9, wherein the 
code data corresponds to the form defined by R, G and 
B components based on a CIE standard. - 

12. An image transmitting method comprising the 

steps of: . 

transmitting color image data having one of a plural- 
ity of color expression forms to a receiving device 
through a communication line; 

selecting, from plural codes stored in a memory and 
indicative of different color expression forms, a 
code corresponding to the color expression form of 
the color image data; and 

transmitting the selected code to the receiving de- 
vice. 

13. An image transmitting method comprising the 
steps of: 

transmitting primary color image data based on one 
of a plurality of standards through a communica- 
tion line to a receiving device; 
selecting, from plural codes stored in a memory and 
indicative of the standards, a code indicating a 
standard on which the primary color image data is 
based; and t . 

transmitting the selected code to the receiving de- 
vice. 

***** 
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